The world has put an increasing emphasis on the university ranking system in the last decade. However, only one university in Taiwan has once dashed into the top 100 league of the world ranking system. The Taiwan Government has blamed the higher educational institutions in Taiwan for less efficient, while many scholars attribute the major cause to the insufficient investment in the higher educational system. This research thus endeavored to compare the efficiency among universities in Taiwan and those in the world. DEA and AHP were adopted as main research methods. The research results indicated that Taiwan universities were efficient when comparing with their world counterparts.
Introduction
The globalization and knowledge economy has forced governments in the world to put special importance on improving the quality of their higher educational systems (Vughta & Westerheijden, 2010) . However, running a sound higher educational system costs a great deal, and since most governments cannot afford the steadily increasing running costs, they turned to demand universities to enhance the efficiency of their resources allocation. As a result, the higher educational evaluation system, the transparency of resource allocation activities, and a variety of university ranking systems initiated in recent years are all emphasizing especially on the operational efficiency of resource management (Marginson, 2007; Taylor & Braddock, 2007; Liu & Rosa, 2008) . Taiwan is no exception. Although the university evaluation system in Taiwan occurred many years behind the more advanced countries, the "Fifty Billion in Five Years" university granting plan newly initiated by the Taiwan government revealed the great ambition for enhancing the quality of universities. Accompanied with this university granting plan is the mandate for improving the operational efficiency of resource allocation.
Many scholars, however, bemoaned that the university evaluation systems in many countries focus only on the "output" part, while ignoring the "input" part (Dill & Soo, 2005; Federkeil, 2008) , and they further suggest that the evaluation without considering the cost part is not fair and is irrational because some inefficient universities that invest many times more resources than others while achieve only a little better were valued in higher levels on the ranking league.
Some scholars further stress that an understanding of input efficiency and output efficiency far from enough, because in the real life, inputs and outputs are interact with each other through the "process" activities, for this reason, ignoring the process efficiency is futile (Glass, McKillop, & Hyndman, 1995) . However, although there is ample literature in university efficiency, almost all of the literature failed to discuss the "process" efficiency, and it is important, therefore, to stress more on the process part. Another problem in evaluating the efficiency of the university lies on what elements should be included in the analyses. More than often, scholars only use single element to measure efficiency, and this is absurd because in the real life, the quality of a university is composed of many different parts, hence, determining the adequate elements for evaluation should be the prerequisite for a successful and practical research (Glass, McKillop, & Hyndman, 1995) .
Data Envelopment Analysis (DEA) invented by Charnes, Cooper, and Rhodes in 1978 is a widely used method for measuring efficiency. It is used to measure productive efficiency of decision making units (DMU) by the estimations of production frontiers. Since it has a variety of applications, it has become an increasingly popular management tool (Salerno, 2006) . Therefore, we decided to adopt DEA as one of the major calculation method to evaluate the operational efficiency among universities in Taiwan and those in the world.
As mentioned previously, the Taiwan Government has initiated a variety of policies to enhance the quality of higher education, expecting that some of the universities in Taiwan will be valued as one of the top 100 universities in the world ranking league. However, in the past few years, only National Taiwan University joined the top 100 club in The London Times World University Ranking in 2010. The Taiwanese government apparently did not satisfied with this result, and has thus mandated all universities to better use their resources for quality enhancement. Universities in Taiwan certainly are facing tremendous pressure in squeezing into the top 100 club.
Some scholars, however, suggested that universities in Taiwan are already efficient, and the reason for failing to be involved in the top 100 league simply because there are not enough resources allocated to universities in Taiwan. In other words, if universities in Taiwan were provided with the same amount of resources as their world counterparts, they will have equal or even better achievements than the top universities in the world. This research is thus aimed to examine the operational efficiency of Universities in Taiwan in comparing with those in the world. Shi and Wang (2004) suggest that efficiency generally describes a favorable ratio of benefit and cost. Nagel (1986) argues that efficiency can be defined as one of the following concept, and which one should be select as the best option is merely depending on the unique objectives pursued. Efficiency should be defined as to:  Maximize the benefit change ratio divided by cost change ratio. Boardman, Greenberg, Vining, and Weimer (1996) suggest that although efficiency in general is to reduce the cost or to enlarge the benefit, enlarging the benefits is preferable only when the effectiveness will not be diminished. In other words, in public administration, effectiveness often is more important than efficiency. Moore (1995) proposes a similar explanation, and he stresses that in public administration, effectiveness is more important than efficiency, and therefore efficiency should be defined as reducing the cost/benefit ratio while ensuring that effectiveness is unchanged or enlarged.
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The Concept of Efficiency
Avikeran (2001) views efficiency from the perspective of economics, and he suggest that the best way to measure efficiency is Pareto optimality, which means the allocation of resources or a state of affairs in which it is unattainable to make any one individual better off without causing at least one individual worse off. He further argues that in social science, anything unequal to Pareto Optimal is inefficient. Hubbell (2007) recommends that the efficiency of higher education is difficult to measure because there are many customers of a university, and faculty, staff, student, parent, government, community are all main stakeholders of the university, and since different stakeholders vary a great deal in what they want, a consensus of effectiveness or efficiency is very difficult, if not impossible, to achieve.
Efficiency of Universities
Concerning the efficiency of the universities, Montesinos, Carot, Martinez and Mora (2008) argue that the first university was established in medieval times in Europe, and the most important missions of universities were teaching and research. Therefore, the teaching and research should be viewed as the two major criteria for measuring efficiency. Taylor and Braddock (2007) , however, dispute that the mission of the university system has been expanded many times since its appearance in medieval times. Now-a-days, publications, teacher student ratio, class size, annual expenditures, curriculum satisfaction, and graduates' competences are all good criteria for measuring university efficiency. Federkeil (2008) suggest that the university ranking systems are good resources for understanding what are the most important elements or missions of a good university, and the criteria most used by ranking systems are the most essential ones for efficiency measure. Usher and Savino (2007) also point out that although there are differences in criteria used in different ranking systems, the ranking results are very similar, and this is especially true among the advanced universities. Kaneko (1997) and Abbott and Doucouliagos (2003) propose that ensuring university graduates are possessing adequate competence demanded by the work place is essential in today's society, and therefore, the measuring of university efficiency by using economic indicators such as rate of return or internal rate of return are more reasonable. Moreover, Johnes and Johenes (1995) , Joumady and Ris (2005) , and Ruggiero (2007) all point out that the technique of Data Envelopment Analysis is measuring the efficiency frontier by using multiple inputs and outputs from an economics perspective, it is a practical method for efficiency measuring among universities.
Research Design
Calculation Methods
In this research, we mainly use data envelopment analysis (DEA) to measure operational efficiency of DMUs (decision making unit). Data envelopment analysis is a linear programming based technique for evaluating the relative operational performance of institutions where the presence of multiple inputs and outputs makes comparison difficult. The DMUs with an efficiency of 1 (100%) from a mathematical space often called efficient frontier, which envelops all the other DMU points in the visual map, the distance to the efficient frontier is the degree of in efficiency or the space for improvement, and therefore, DEA also provides improvement guidelines for the inefficient DMU.
Following is the DEA calculation function, where N=number of DMU, m=number of input elements, n=number of output elements. Suppose k is one of the participating universities, then E k is the efficiency of the kth DMU, and Y rk (r=1 … n) is the output amount, and X ik (i=1 … m).
However, DEA also has some shortcomings, and one of them is that the weight of elements are not known in advance in DEA calculations, rather, the weights are occurring in the calculation process, where the weights for each institution (DMU) are calculated as the most favorable weight for that particular institution. Therefore, in this research, we decided to use analytic hierarchy process (AHP) to calculate the weights for each university.
AHP is a way of decomposing a complex problem and reconstruct it into an organized decision hierarchy. By breaking down a big problem into smaller ones, AHP allows us to clarify the relationships between each sub-elements of the whole research structure. We select AHP as one of the major calculating methods because AHP is decent for collecting opinions from experts, allocating weights to individual elements, and accurately calculate the weights of each element (Saaty, 1980; Cheng, Li, & Ho, 2002) . The calculating function is as follows: Vol. 7, No. 3; 2015 205 Finally, λ max was used to calculate the reliability of the dat. If CR ≤ 0.1 means the data is adequate and reliable
Criteria for Analysis
The first step of conducting a data envelopment analysis is to identify the elements contributing to the quality of university and should thus be considered. In this research we use faculty numbers, administrative staff numbers, school assets, and school annual expenditure as the input elements; Undergraduate student number, graduate student number, journal publications, and research grants as the output elements.
Sampling and Data Collection
There are several criteria for university selection. In order to examine whether the shortage of resources is one of the major reasons contributing to Taiwanese universities' failing to jostle into in the top 100 universities of the world ranking systems, we decided to select participant universities from the top 100 league in the Times World University Ranking. Moreover, since we needed input information to conduct DEA analysis, we selected only universities posted their input information in school website. All the information used in this research was collected from the website of the selected universities.
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In this part published DEA analy were effici The research results showed that University A (one of the top 5 university in Taiwan that was selected as a participant in the research) was efficient in teaching efficiency, research efficiency, weighted teaching efficiency, and weighted research efficiency, which indicated that universities in Taiwan are efficient, and if provide Taiwanese universities sufficient amount of resources, then universities in Taiwan might resulted in the same or even better achievements than their top 100 counterpart universities in the world. And we thus suggest that if the government really want to enhance the results of Taiwan universities in the world ranking system, then it is important to ensure that universities in Taiwan receiving similar resources to their competitors.
All of the European universities that selected from the top 100 universities in the Times World University Ranking were valued in this research as inefficient in teaching (defined as serving maximum number of undergraduate students and graduate students). This result indicated that quality and efficiency not go hand in hand all the time, and more than often, they contradict with each other. European universities might wish to ensure the educational quality by reducing the student/teacher ratio while sacrificing the economic efficiency.
The AHP results showed that scholars in Taiwan perceived publication as the most important input element in evaluating university efficiency, followed by research grants, number of graduate students, and number of undergraduate students. Moreover, annual expenditure was valued as the most important input element, followed by faculty number, school assets, and administrative staff number.
Finally, due to the difficulty in information collection, we used only 8 elements (4 input elements and 4 output elements) and 14 universities for DEA calculation, and we suggest that future studies may expand the participant pool as well as broaden the size of elements in DEA calculations.
